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The neighborhood of Hunting Park lies in the northern part of Philadelphia and is home to just over 
20,000 people mostly African American and Hispanic. The neighborhood is unique because it is a 
residential community situated next to industrial facilities such as a construction demolition plant, a bus 
repair facility, and autobody paint shops as well as heavily traveled transportation corridors. Because of 
its proximity to these sites, the residents of Hunting Park were concerned about harmful exposures. 
Thus, with the assistance of the Public Interest Law Center of Philadelphia, EPA Region III, and the 
Hunting Park Stakeholders Group and residents, the community investigated the air quality in its 
neighborhood. They measured black carbon and Volatile Organic Compounds and did not find significant 
levels of either exposure in the air. However, we did notice some time trends in the black carbon 
concentrations that were notable. While the findings were not statistically significant, the Hunting Park 
air quality study provided an environmental justice service to the community, allowing the residents to 
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The neighborhood of Hunting Park lies in the northern part of the city of Philadelphia, Pennsylvania (see 
fig.1 & 2), with a population just over 20,000 people distributed over 1.35 square miles. The 
demographics of the neighborhood consist of racial and ethnic minorities, African American and 
Hispanic, and as of 2009 the median household income was close to $21,0001. Hunting Park is unique in 
that it is a residential community situated next to a commercial and industrial area of Philadelphia. 
Those industrial sites include a construction demolition facility, autobody paint shops, and a SEPTA2 bus 
repair facility. It is also next to some heavily-traveled roadways including Route 1, Hunting Park Avenue, 
North Broad Street (state road 611), Rising Sun Avenue, and Germantown Avenue, and on some of 
those roadways, vehicles idle while making deliveries and doing commercial business. Because of its 
location amongst industrial, commercial sites and transportation corridors, the residents of Hunting Park 
are subject to environmental exposures that could potentially be damaging to their health. Thus, with 
the assistance of Region III of the Environmental Protection Agency, the Public Interest Law Center of 
Philadelphia (Pilcop), the Hunting Park Stakeholders Group, and the residents of Hunting Park, we 
performed an exploratory analysis of Hunting Park’s air quality in a participatory manner that integrated 
the community’s resources and the experts’ subject matter knowledge to work towards environmental 
justice and to improve a community’s health and well-being.  
 
Figure 1: Map of Philadelphia3 with Hunting Park Highlighted 
 
                                                          
1
 Hunting Park (Franklinville) neighborhood in Philadelphia, Pennsylvania (PA), 19140 detailed profile. Accessed on 
March 26, 2012. http://www.city-data.com/neighborhood/Hunting-Park-Philadelphia-PA.html.  
2
 Southeastern Pennsylvania Transportation Authority (SEPTA) 
3
 Cartographic Modeling Laboratory. Philadelphia NIS NeighborhoodBase. Accessed on April 15, 2012. 
Cml.upenn.edu/nbase/default.asp 










Air quality and potential exposures 
As aforementioned, Hunting Park is situated between a number of industrial and commercial facilities 
and transit routes that expose its residents to potentially harmful chemicals and pollutants. Those 
industrial sites include a construction and demolition waste plant, a transit authority repair facility, 
autobody paint shops, and specialty chemical manufacturing and storage sites. Those transit routes that 
the community is exposed to include US Route 1, Hunting Park Avenue, North Broad Street (state road 
611), Rising Sun Avenue, and Germantown Avenue where there is a high volume of diesel truck and car 
traffic daily (see highlighted roads in figure 2 & Table 15). Along some of those roadways are commercial 
                                                          
4
 Cartographic Modeling Lab 
5
 Pennsylvania Department of Transportation. 2010 Traffic Volume Map. Philadelphia County, Pennsylvania. 
Published January 2012. 
ftp://ftp.dot.state.pa.us/public/pdf/BPR_pdf_files/MAPS/Traffic/Traffic_Volume/2010/philadelphia_2010_tv.pdf 




establishments where delivery trucks idle while picking up or dropping off merchandise. The community 
members are concerned about potential environmental hazards that they may be exposed to including 
particulate matter from the demolition plant and the vehicle traffic—specifically dust and black carbon, 
and Volatile Organic Compounds (VOCs) from the autobody shops, and chemical manufacturing/storage 
sites.  There is a possible physical health burden from exposure to particulate matter and VOCs.  
 
Table 1: Annual Average Daily Traffic6 
Transit Route Annual Average Daily Traffic 
US Route 1 100,000-123,000 
Broad Street (State Road 611) 28,000-38,000 
Rising Sun Avenue 7,900 




Black Carbon (BC) is a component of particulate matter that forms from the incomplete combustion of 
petroleum fuels or organic matter7.  As a component of particulate matter its presence has been linked 
to climate change and global warming trends across the globe8.  BC is also used as an indicator for traffic 
emissions, as it is a result of the combustion of petroleum fuels and organic matter9. BC can be found in 
concentration in heavily polluted areas like India and China, and in major urban centers and ports with 
high volumes of traffic in the United States10. In Europe and North America the urban background rates 
are around 2 µ/m3, and in Chinese urban areas the background rates are 6-11 micrograms/m3. Not 
unexpectedly, the background rates are lower in non-urban areas worldwide with a range of levels from 
0.1 µ/m3 to 15 µ/m3  11.  In 2005 a majority of the BC emissions in the United States came from 
transportation (52.3%), followed by biomass burning (35.3%)12, and most of the BC that comes from 
transportation (90%) is from diesel sources13. It is important to note that black carbon emissions have 
                                                                                                                                                                                           
 
6
 The annual average daily traffic varies by block; thus, the ranges signify the lowest and highest values for the 
blocks covered by the transit routes in Hunting Park (see figure A10 in Appendix). 
7 The Public Interest Law Center of Philadelphia. Quality Assurance Project Plan for The Hunting Park Community 
Garden and Air Sampling Project Assistance Agreement # EQ-973949-01-0. July 29, 2011.; 
 The United States Environmental Protection Agency. Report to Congress on Black Carbon: External Peer Review 
Draft. March 2011,p.3. 
  
8
 Pilcop Quality Assurance Project Plan (QAPP) 
9
 EPA Review of Draft, p.17 
10 QAPP, The United States Environmental Protection Agency. Report to Congress on Black Carbon. March 2012, 
p.4-5 
11
 EPA Report, page 5-1 
12
 EPA Report, p. Ex-2 
13
 EPA Report, p. 4-1 




decreased over the course of the 20th century and have leveled off in the 21st century due mostly to the 
regulation on diesel fuel14. 
 
Because black carbon is a component of particulate matter that is difficult to isolate, the health impacts 
of exposure to it are also difficult to differentiate from those of particulate matter15. The most typical 
exposure route is inhalation16. Thus, many of the health effects of BC exposure include some types of 
respiratory irritation, and some of the most susceptible populations include those with respiratory 
diseases.  Some of the other health effects thought to be associated with black carbon include 
respiratory irritation, cardiovascular effects and premature death17. Additionally, BC has been linked to 
high blood pressure and high heart rate, cardiac arrhythmia, atherosclerosis, thrombosis, myocardial 
infarction and stroke18. Finally, because it is included in particulate matter, BC is associated with asthma 
sensitivity, chronic obstructive pulmonary disease (COPD), and other respiratory irritations19. While it is 
hard to draw a direct link between black carbon and health effects, The EPA Report on Black Carbon 
notes that there were increased hospital admissions for cardiac conditions as well as for respiratory 
emergencies on days when the concentration of BC was increased20. 
 
Volatile Organic Compounds (Acetone, Chloromethane, Toluene) 
Volatile Organic Compounds (VOCs) are chemicals that contain a combination of carbon and often one 
of “hydrogen, oxygen, fluorine, chlorine, bromine, sulfur, or nitrogen.”21  Most natural things contain 
VOCs, and they are released into their most natural, gaseous form when burned. VOCs also appear in 
industrial materials such as “solvents, paints, [and] glues,”22 and they are often used in paint thinners, 
automotive products, dry cleaning chemicals, and air fresheners, among other things.  Just like with 
naturally occurring VOCs, the VOCs that are present in industrial materials can be hazardous when they 
are released into their gaseous states. Some VOCs in their gaseous forms react with ground-level 
pollutants to form smog which can be harmful to human health. Other VOCs in their gaseous form are 
harmful to health without reacting with other chemicals. People are mostly likely to casually be exposed 
to VOCs outside during the summer months.  
 
Humans are most often exposed to VOCs by breathing them, and most of the threat to human health 
comes from that route of exposure. People at the highest risk for health effects related to VOC exposure 
                                                          
14
 (EPA Report, p 5-14) 
15
 (EPA Review, p. 16) 
16
 (Pilcop QAPP) 
17
 (EPA Report, Ex-5) 
18
 (EPA Report, p.3-2—3-3) 
19
 (Pilcop QAPP) 
20
 (EPA Report p.3-5) 
21
 National Library of Medicine. ToxTown: Volatile Organic Compounds.  
http://toxtown.nlm.nih.gov/text_version/chemicals.php?id=31. Last updated February 23, 2012. Accessed on 








include industrial workers who encounter these chemicals at high doses for prolonged periods of time in 
the workplace. Some severe health effects associated with industrial levels of exposure include: liver, 
kidney, and central nervous system damage. People at an increased risk for health effects related to 
VOC exposure include cigarette smokers, and those exposed to vehicle traffic emissions for a prolonged 
period of time. Health effects for those people could include: “eye and respiratory tract irritation, 
headaches, dizziness, visual disorders, fatigue, loss of coordination, allergic skin reactions, nausea, and 
memory impairment”.23 Furthermore, exposure to some VOCs is associated with cancer. For example, 
Benzene exposure is associated with cancer, and formaldehyde, styrene, and perchloroethylene are 
probable carcinogens24.  
 
We know that the Hunting Park neighborhood contains facilities with materials that are commonly 
thought to release VOCs into the atmosphere such as autobody paint shops (paint thinner, paints, 
solvents, glues) and the neighborhood is exposed to high levels of motor vehicle traffic as a function of 
its proximity to a major thoroughfare—route 1, and its location along a major commercial route where 
delivery trucks idle frequently. Thus, the presence of industry and traffic in Hunting Park led us to collect 
air samples to test the concentration of VOCs in the air at a given point in time. This section focuses on 
the industrial sources of VOCs and their associated health effects. It is important to note that all of these 
chemicals can be found naturally in the environment.  
 
Acetone 
Acetone is a colorless liquid which is very flammable.  It is typically used as a solvent for paints, lacquers, 
waxes, resins, and glues25. Manufactured acetone is frequently used in the synthesis of plastic and fibers 
and for the cleaning of precision parts26. It can be found in environmental tobacco smoke (ETS), exhaust 
from vehicles, and in landfills as well as in nail polish remover, detergent, rubber cement and particle 
board27. Industrial activity contributes the most to acetone in the environment, and facilities such as 
incinerators can release acetone into the environment. In addition, proximity to busy roads can also 
expose humans to acetone28.  Health effects from breathing moderate to high levels of acetone include 
respiratory irritation, light-headedness, nausea, vomiting, abdominal pain and bladder irritation29. Some 
of the more severe health effects of acetone exposure include unconsciousness, coma, kidney damage 
and shortening of the menstrual cycle. The United States Environmental Protection Agency (EPA) does 
not classify acetone as a carcinogen, so it is not associated with cancer in humans. In terms of exposure 
                                                          
23
 ToxTown: VOCs 
24
 ToxTown: VOCs 
25 National Library of Medicine. ToxTown: Acetone. March 7, 2012. Accessed on March 12, 2012. 
http://toxtown.nlm.nih.gov/text_version/chemicals.php?id=1 
  
26 ToxTown: Acetone US Dept of Health and Human Services, Public Health Service Agency for Toxic Substances 
and Disease Registry. Agency for Toxic Substances and Disease Registry ToxFAQs: Acetone. September 1995. 
 
27
 ToxTown: Acetone, ToxFAQs: Acetone 
28
 ToxTown: Acetone, ToxFAQs: Acetone 
29
 (ToxTown: Acetone, ToxFAQs: Acetone) 




limit various organizations suggest different exposure limits. For example, the Federal Occupational 
Safety and Health Administration (OSHA) recommends a workplace exposure limit of 1,000 ppm; the 
National Institute for Occupational Safety and Health (NIOSH) recommends an exposure limit of 250 
ppm per 10 hour workday per 40 hour week; the American Conference of Governmental Industrial 
Hygienists recommends 500ppm over 8 hours and in France, the recommended limits are 1800 mg/cu 
m30.  Despite these variations in exposure recommendations, 2,500 ppm or greater is known to be 
“immediately dangerous to life or health”31. 
 
Chloromethane 
Chloromethane is a highly flammable chemical with a faint odor that is noticeable at highly toxic levels. 
While chloromethane comes from both industrial and natural resources, most of it released into the 
natural environment as a gas, comes from natural sources32. It is always present at low levels in the air 
and is released via the burning of natural materials like charcoal, coal, grass and wood. In an industrial 
environment, chloromethane is used to manufacture silicones and agricultural chemicals, and it is 
released into the environment from industrial resources as a result of incomplete waste removal from 
industrial waste streams from treatment plants and as a by-product of vinyl chloride production. In city 
environments, up to 5 ppb are expected to be detected at any time due to the level of industry 
exposures in a city; however, if one lived close to a hazardous or industrial site that uses chloromethane, 
the levels of chloromethane could be much higher. Other sources of chloromethane include ETS, 
polystyrene insulation, aerosol propellants, and chlorinated swimming pools. Additionally, it was 
formerly used as a refrigerant in old refrigerators, so exposure to vapors could occur from that source. 
 
The health effects associated with high levels of chloromethane include central nervous system damage, 
coma, kidney damage or death.  Other toxic effects include dizziness, confusion, nausea, vomiting, 
staggering, blurred vision, general uncoordinated movements, and blood pressure effects33. Although 
highly toxic levels of chloromethane are thousands of times higher than those found in the background 
concentration in cities, there are measures people can take to lower the risk of chloromethane exposure 
including proper disposal of old refrigerators, silicone and plastic products. Chloromethane is not 
classified as a carcinogen34. OSHA sets the limit for chloromethane exposure at 50ppm for 8 hours in a 
                                                          
30
 (ToxTown: Acetone, ToxFAQs: Acetone) 
31 Hazardous Substances Data Bank. Acetone. http://toxnet.nlm.nih.gov/cgi-
bin/sis/search/r?dbs+hsdb:@term+@rn+67-64-1. Last accessed on 3.12.11. 
  
32 Department of Health and Human Services, Public Health Service, Agency for Toxic Substances and Disease 
Registry. Public Health Statement: Chloromethane. December 1998. 
  
33
 Public Health Statement: Chloromethane 
34 Hazardous Substances Data Bank. Methyl Chloride. http://toxnet.nlm.nih.gov/cgi-
bin/sis/search/f?./temp/~3McXmk:1 . Last accessed on 3.12.11. 
  




40 hour week and STEL of 1000ppm is consistent in the United States, Australia, Germany, the United 
Kingdom, and Sweden35. 
 
Toluene 
Toluene is a pungent chemical that is naturally found in crude oil. While toluene is mostly used in the 
production of benzene, it is also used in paint, solvents, nail polish, rubber, antifreeze, and adhesives. 
Additionally, it is the by-product of gasoline production and the production of coke from coal36. 
Exposure to toluene usually occurs when inhaling vehicle exhaust or vapors from gasoline, or during the 
use of heating oils and paints37. It is also a major element of unfiltered cigarette smoke38. High doses of 
toluene exposure can result in unconsciousness, brain damage, depression, kidney and CNS damage, eye 
irritation, skin rashes, vomiting, diarrhea, breathing difficulty, or even death. Low to moderate exposure 
to toluene can result in confusion, dizziness, memory loss, appetite loss, headache, fatigue, hearing and 
color vision loss. Pregnant women who inhale high toluene levels may see birth defects or mental 
retardation in their children39. There is not a consistent, agreed upon safe dose of toluene; however, 
OSHA sets workplace exposure limits at 200ppm,40 and NIOSH recommends a limit of 100ppm as a 10 
hour weighted average.  500ppm is known to be immediately dangerous to human health41. 
 
Environmental Justice 
Due to these potential health effects, the residents of Hunting Park feel as if their community is 
disproportionately burdened by the exposures in their environment. They have always been concerned 
about the particulate matter in the air of their neighborhood, especially since there are industrial 
facilities that sit close to schools and residences42.  In 2010, members of the Hunting Park Stakeholders 
Group sought out resources to help them assess the air in their neighborhood.  The group collaborated 
with the Public Interest Law Center of Philadelphia, the Chemical Heritage Foundation, the Clean Air 
Council, and Drexel University’s Department of Electrical and Computer Engineering and assessed the 
levels of PM2.5 in the air
43. The collaboration did not find PM2.5 levels to be higher than NAAQS standards 
nor did it find any temporal patterns for day of week/time of day.  However, the initial exploration did 
                                                          
35
 Hazardous Substances Data Bank: Methyl Chloride 
36 National Library of Medicine. ToxTown: Toluene. February 23, 2012. Accessed on March 12, 2012. 
http://toxtown.nlm.nih.gov/text_version/chemicals.php?id=30.;US Dept of Health and Human Services, Public 
Health Service Agency for Toxic Substances and Disease Registry. Agency for Toxic Substances and Disease Registry 
ToxFAQs: Toluene. February 2001. 
37
 ToxTown: Toluene; ToxFAQs: Toluene 
38 Hazardous Substances Data Bank. Toluene. http://toxnet.nlm.nih.gov/cgi-bin/sis/search/f?./temp/~xqTRkm:1 . 
Last accessed on 3.12.11. 
39
 ToxTown: Toluene; ToxFAQs: Toluene 
40
 ToxFAQs: Toluene 
41
 Hazardous Substances Data Bank: Toluene 
42 Brzozowski et al. Characterizing Airborne Particulates in Hunting Park: Phase 1. Chemist-Community 
Collaborations Project Report. November 2010., p.4. 
43
 Brzozowski et al.p.9 




spur more questions about the composition of this particulate matter and about other pollutants that 
may be in the air. Thus, the Stakeholders Group looked to investigate their air further, but this time 
looking at black carbon and Volatile Organic Compounds44. The proximity of Hunting Park residents to 
these industrial, commercial, and transitory (multiple) exposures results in a  greater health burden than 
other communities of Philadelphia that are not subject to these same exposures45 as evidenced by the 
increased asthma prevalence in Hunting Park versus Philadelphia as a whole. As of 2008 the child 
asthma prevalence in Hunting Park was 26% as opposed to 22.8% in Philadelphia. The adult asthma rate 
in Hunting Park was 22% in 2008 versus 17.2% in Philadelphia as a whole46.  The residents are subject to 
cumulative health impacts47 of exposures to black carbon and VOCs throughout the courses of their 
lives. Thus, using this exposure and burden disparity as its basis, the community with the assistance of 
the Public Interest Law Center of Philadelphia applied for and was awarded an Environmental Justice 
Small Grant from Region III EPA to explore the air quality in its neighborhood. 
 
The Environmental Protection Agency defines environmental justice as “the fair treatment and 
meaningful involvement of all people regardless of race, color, national origin, or income with respect to 
the development, implementation, and enforcement of environmental laws, regulations, and policies.”48 
The community of Hunting Park is an example of what an environmental justice community looks like in 
America. It is a community of minority population that felt disproportionately burdened by elements in 
its environment. The neighborhood, nestled in between a commercial corridor and an industrial one was 
subjected to exposures from vehicle traffic at all hours of the day and night and to exposures from 
industrial sites all in close proximity to their residential dwellings. That proximity and almost continuous 
temporal exposure was a situation that many other communities in Philadelphia were not exposed to 
thus, creating a disparity49.  In addition, many of the residents of Hunting Park were working class and 
Hispanic, some of them were immigrants, and some of them were not native English speakers. Thus, one 
could conclude that many of the residents were either uninsured or underinsured regarding health 
insurance and suffered from inadequate access to health care. Those vulnerabilities create an extra 
burden on the residents to cope with their exposures when they do not have the resources or the 
means to do so50. There is disparity in their exposure burden and there is disparity in their access to 
information and resources to remedy that burden, thus Hunting Park is an environmental justice 
                                                          
44
 Brzozowski et al. p.4 
45
 Brzozowski et al., p. 32. 
46
 Brzozowski et al.  p.8 
47
 Doolittle, Amity. Wrap Up EJ 2012”. Presented on April 12, 2012, speaking about the theory that cumulative 
health impacts are often overlooked making it challenging to target a single cause of health problems. 
48
 US EPA. Environmental Justice. www.epa.gov/environmentaljustice/ 
49
 City of Philadelphia Department of Public Health Air Management Services. 2011-2012 Air Monitoring Network 
Plan. July 2, 2011. See the figures on pp. 23, 26, 29, 32, 35, 38, 41 to compare the number of emissions sources 
detected by Air Management Services (AMS). The LAB monitor is closest to Hunting Park and detects 5 emissions 
sources. The pages marked show that parts of Philadelphia have less emissions sources than Hunting Park; others 
have more. It is important to note that there is a large area that includes Hunting Park and areas west of it that is 
not covered by AMS, so we do not know the total number of emissions sources that impact Hunting Park—just 
that there are at least 5 sources. 
50
 Doolittle, “Amity, Wrap Up EJ 2012”. Presented on April 12, 2012. 




community experiencing a distributive injustice of pollutants concentrated in its neighborhood and a 
distributive injustice coming from lack of adequate resources to address that extra pollutant burden. 
 
The designation of an environmental justice community allows Hunting Park to take advantage of local 
and regional resources available to them in order to improve their situation. The mobilization of 
resources included funding and guidance from the United States Environmental Protection Agency 
Region III, technical instruments from MaGee Scientific and Entech, laboratory analyses from ACE Labs, 
facilitation, legal expertise, and manpower from the Public Interest Law Center of Philadelphia, and 
community leadership and manpower from the Hunting Park Stakeholder’s Group and the residents of 
Hunting Park. Those resources and commitment from all of those entities empowered Hunting Park to 
learn more about itself and its environment. Those resources were also an important part of the 
environmental justice process as both recognition justice51 and as community based participatory 
research52. They acknowledged the unique situation of Hunting Park and they acknowledged the 
residents’ concerns; that acknowledgement was manifested in the allocation of resources to allow the 
community explore and learn more about its environment. Additionally, the community members were 
able to take part in the exploration of their air quality, and that participation was also a part of the 
recognition of the community’s situation.  Furthermore, community members were able to work with 
scientific and legal experts to uncover information about their neighborhood. Leadership and trust were 
central to that successful collaboration.  All of that is part of the Environmental Justice process. The part 
of the process that remains to be seen is the follow-up and on-going communication between those 
experts and the community members. Will community members have a government contact-person 
should their neighborhood air quality conditions deteriorate further? Will community members use the 
information learned from these analyses to improve their neighborhood knowledge? Will the resources 
to cope with air pollution be provided for/accessible to the residents of Hunting Park? These are all 




Thus, the community and its partners performed an exploratory analysis of the pollutants in their air 
with the purpose of gaining an understanding of the contaminants in their environment. Additionally, 
the community wanted to help policy makers, scientists, local organizations, and the EPA understand 
the air quality of Hunting Park so that together they could work to improve the air quality and 
environment of the neighborhood. Within that purpose there were four objectives: “To test the air [of 
Hunting Park] for specific pollutants (VOCs and black carbon) associated with adverse health impacts. . .; 
To determine the pollutant content of [Hunting Park’s] air; and to foster and promote resident 
participation in air monitoring in Hunting Park53.” The final objective of that purpose was to create a 
community document explain the results of our air study. 
                                                          
51
 Recognition Justice: the idea that the lack of recognition of an issue of concern is a harm and an injustice in and 
of itself. 
52
 Doolittle, Amity. “Wrap Up EJ 2012” Presented April 12, 2012. 
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In collaboration with the Public Interest Law Center of Philadelphia, the Hunting Park Stakeholders 
Group (which included community leaders such as the symbolic matriarch, patriarch, and city leaders), 
and the United States Environmental Protection Agency Region 3 who funded the project 54through the 
Environmental Justice Small Grant Program, we monitored the air quality of Hunting Park. We wanted to 
explore the pollutant levels and composition of the air in the Hunting Park community. The two air 
quality indicators we measured were black carbon and Volatile Organic Compounds (VOCs). We involved 
the community members in the collection of both indicators.  
 
We set out to determine the levels of black carbon in the air and if those levels varied between the 
sampling locations. Additionally, we wanted to analyze the variability of black carbon levels at different 
times of day, days of the week, and according to weather conditions. To do this we developed a project 
plan with consultation from EPA Region III, members of the West Oakland Environmental Indicators 
Project and MacGee Scientific55. Once EPA Region III approved our project plan, we leased two 
Aethelometers56 from MaGee Scientific (Berkeley, CA) and placed them in two locations in Hunting 
Park—one on North American Street and one on Lawrence Street (see stars on fig. 2).  Specifically, the 
Aethelometers were placed inside the buildings (one inside a church, the other inside a house57) next to 
a window with only a small part of the machine, the tape—which collected the air particles, exposed 
outside of the window. This was done so that the machine could measure air outside of the window, but 
would not be compromised by rain or harsh weather conditions. Each Aethelometer recorded the levels 
of black carbon in ng/m3 every 5 minutes. Next, we trained the community members who would be 
responsible for the operation and maintenance of the devices. A representative from the Public Interest 
Law Center of Philadelphia spoke with the residents about set-up, maintenance, and troubleshooting of 
the device. After the trainings, we placed the first Aethelometer on Lawrence Street and took 
continuous measurements of black carbon at five minute intervals from October, 16, 2011 through 
November 28, 201158. We placed the second Aethelometer on American Street and took continuous 
measurements of black carbon from October 19, 2011 through November 12, 2011. The Aethelometers 
collected and stored continuous air quality information at five minute intervals on a usb drive whose 
files were downloaded by a project coordinator from Pilcop to a virtual Dropbox on a weekly basis. That 
air quality information consisted of black carbon concentrations (2 simultaneous measurements for 
quality control purposes), date, and time of each measurement recorded. The concentrations were 
recorded in ng/m3 which we converted to µg/m3. In addition, the Grantee Project Manager was able to 
                                                          
54
 The funding had been previously secured by the Public Interest Law Center of Philadelphia, and the lead 
attorney for environmental justice at Pilcop initiated all of the communications between EPA, the residents and 
the Hunting Park Stakeholders Group. I in collaboration with the environmental justice attorney developed the 
protocol for air sampling, and the EPA Region III approved that protocol. 
55
 Pilcop QAPP  
56
 See Figure A7 & A8 for diagram of Aethelometer 
57
 The sites were chosen based on ability of resident to safely keep the monitor and correctly operate it.  
58
 There were missing days during the measurement time periods for each Aethelometer due to machine 
malfunction. 




virtually monitor the continuous data collection and, thus could troubleshoot quickly. Once our data 
collection period ended, we downloaded all the information to a virtual file storage site, Dropbox, and 
returned the Aethelometers to McGee Scientific. We analyzed the data using non parametric analyses, 
medians and Wilcoxon rank sums testing, in SAS version 9.2  (SAS Institute, Cary, NC)and the 
organizational qualities of Microsoft Excel (2010 version) to present the information. 
 
As a second type of air quality measurement, we measured the concentrations of VOCs in the air of 
Hunting Park. This was more of a community effort than the black carbon monitoring as some 
community members participated in the collection grab samples. We ordered 14 Bottle-Vac59 samplers, 
a pressurized glass bottle that collects air grab samples, from Entech (Simi Valley, CA). Fourteen samples 
were collected by community members at various times over 2 days, November 29, 2011 through 
November 30, 2011 (see table 4) within the boundaries of the Hunting Park neighborhood. In addition, 
four laboratory control samples were also included. With the assistance of representatives from Pilcop 
and the Hunting Park Stakeholders Group, the community members were instructed on how to collect 
grab samples appropriately. To collect the grab samples, the community members broke the air seal of 
the Bottle-Vac and then recapped the bottle when the hissing sound of air entering the bottle ceased. 
Each bottle was labeled with a sample number and a tracking number, and signed for through a chain of 
custody form. Once all of the samples were collected, the bottles were shipped to ACE Laboratories, 
Inc.(Thousand Oaks,CA) for an analysis of the VOC concentrations in those samples. Table 1 shows the 
array of VOCs analyzed by ACE Laboratories, Inc. The VOCs collected were measured in parts per billion 
volume (ppbv) which we converted to parts per million (ppm). We analyzed the VOC data using 
nonparametric statistical analyses medians testing and Wilcoxon rank sums  in SAS and the 
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 See Figure A9 






Black Carbon: Characteristics of the Lawrence Street Site 
Here are some characteristics of the data collected at the Lawrence Street site. 
 
Table 2: Descriptive Statistics of Lawrence and North American Streets (ng/m3)  
 
 
In total there were 11,545 observations and 11,326 non-missing observations60. The data we were most 
interested in collecting were date, time of day, and concentration of black carbon. The Aethelometer 
measured concentration with two simultaneous measurements as a quality assurance technique. Thus, 
the five variables we reported data for included date, time, concentration 1 (conc(1)),  concentration 2 
(conc(2)), and average concentration (the average of concentration 1 and concentration 2). 
 
We gathered data for a total of 41 days from October 19, 2011 to November 28, 2011. Within each day, 
we collected black carbon concentration continuously at five minute intervals. For the times that the 
Aethelometer was functioning, we collected 11,326 non-missing black carbon concentration data points 
including both conc(1) and conc(2) measurements. For conc(1), the mean concentration was 43,037 
(ng/m3), the standard deviation was 1285 ng/m3, the maximum concentration was 21,400 ng/m3, the 
minimum concentration was -4,771 ng/m3. There were 219 missing values which represented 1.9 % of 
the total observations. For conc(2), the mean concentration was 1,180 ng/m3 , the standard deviation 
was 1214 ng/m3, the maximum 15,520 ng/m3 , and the minimum concentration was -4,028 ng/m3. There 
were also 219 missing values representing 1.9% of the total observations. An examination of the 
scatterplot for the Lawrence Street data indicates that there are some peak time ranges where black 
carbon concentrations are at their highest. The range of hours for peak concentrations includes 4-6am 
and around 10pm for both concentrations 1 and 2. 
 
 
                                                          
60
 Advancement of the collection tape inside the Aethelometer was responsible for up to 15 minutes of lost data 
per hour. 
  (n=11,326)       
Lawrence Street maximum Minimum mean standard deviation 
Concentration 1 21,400 -4,771 43,037 1,285 
Concentration 2 15,520 -4,028 1,180 1,214 
Average Concentration 18,460 -3,056 1,162 1,230 
       
  (n=4,602)       
North American Street      
Concentration 1 13,852 -52 1,000 1,230 
Concentration 1 9,677 82 1,032 1,150 
Average Concentration 11,765 41 1,016 1,183 









Figure 4: Scatterplot of Concentration 2 vs Time at Lawrence Street 
 
 
The Lawrence Street data were not normally distributed with many outliers so we had to use 
nonparametric testing such as medians testing and Wilcoxon rank sums to analyze the data. We tested if 
there was a significant relationship between concentration and time and between concentration and 
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concentration of black carbon and time, we found that with the medians test for concentration one, at a 
significance level of 0.05 we rejected the null hypothesis that there was no relationship between 
concentration one and time (Chi-square: 390.18, p-value <0.0001). For the Wilcoxon test for 
concentration 1 we found that at a significance level of 0.05, we rejected the null hypothesis that there 
was no relationship between concentration one and time (Chi-square 558.75, p-value <0.0001) (see 
table 2).  Thus, our testing indicated that there was a significant relationship between concentration one 
of black carbon and time at the Lawrence Street site.  
 
We performed the same tests for concentration two and came to the same conclusions. We performed 
a medians test at a significance level of 0.05 and found that we rejected the null hypothesis that there is 
not a significant relationship between concentration 2 and time (Chi-square: 480.19, p-value <0.0001). 
For the Wilcoxon test for concentration two we found that at a significance level of 0.05, we rejected 
the hull hypothesis that there was no relationship between concentration two and time (chi-square 
640.92, p-value <0.0001). Thus, our testing indicated that there was a significant relationship between 
concentration two and time at the Lawrence Street site. 
 
Next we averaged correlated the two concentrations to see how closely they mirrored each other. They 
were highly correlated with a Pierson Correlation Coefficient (R2) of 0.94 and a p value of <0.0001. Once 
we found that the two concentration measurements on Lawrence Street were highly correlated, we 
determined that averaging the two concentrations might reveal the best information about the black 
carbon characteristics of the site. A scatterplot of the average concentration of black carbon shows very 
similar characteristics to the scatterplots of both concentrations one and two (see figure 5). Next, we 
performed a medians test at a significance level of 0.05 and found that we rejected the null hypothesis 
that there is not a significant relationship between average concentration and time (Chi-square: 450.44, 
p-value <0.0001). For the Wilcoxon test for average concentration we found that at a significance level 
of 0.05, we rejected the null hypothesis that there was no relationship between average concentration 
and time (Chi-square 604.97, p-value <0.0001). Thus, our testing indicated that there was a significant 




















Figure 5: Scatterplot of Average Concentration vs Time at Lawrence Street 
 
 
For the second question, is there a significant relationship between concentration and date for both 
concentrations one and two, we found that with the medians testing for concentration one, at a 
significance level of 0.05, we rejected the null hypothesis that there is no relationship between 
concentration one and date (chi-square: 3986.74, p-value 0.001). For the Wilcoxon test for 
concentration one we found that at a significance level of 0.05, we rejected the null hypothesis that 
there was no relationship between concentration one and date (chi-square 4704.86, p-value <0.0001). 
Thus, our testing indicated that there was a significant relationship between concentration one of black 
carbon and date at the Lawrence Street site. (See Appendix for Scatterplot of Concentration 1 v Time.) 
 
We performed the same tests for concentration two and came to the same conclusions. We performed 
a medians test at a significance level of 0.05 and found that we rejected the null hypothesis that there is 
not a significant relationship between concentration 2 and date (Chi-square: 3765.76, p-value <0.001). 
For the Wilcoxon test for concentration two we found that at a significance level of 0.05, we rejected 
the hull hypothesis that there was no relationship between concentration two and date (chi-square 
4567.57, p-value <0.0001). Thus, our testing indicated that there was a significant relationship between 
concentration two and date at the Lawrence Street site. (See Appendix for Scatterplot of Concentration 
2 v Time.) 
 
We performed the same tests for the average concentration and also came to the same conclusions. We 
performed a medians test at a significance level of 0.05 and found that we rejected the null hypothesis 
that there is not a significant relationship between average concentration and date (Chi-square: 
3908.27, p-value <0.0001). For the Wilcoxon test for average concentration we found that at a 
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average concentration and date (Chi-square 4672.29, p-value <0.0001). Thus, our testing indicated that 
there was a significant relationship between average concentration and time at the Lawrence Street 
site. (See Appendix for Scatterplot of Average Concentration v Time.) 
 
Characteristics of the North American Street Site 
Here are some characteristics of the data collected at the North American Street site. 
 
In total there were 4772 observations. The data categories we were most interested in collecting were 
date, time of day, and concentration of black carbon. The Aethelometer measured concentration with 
two simultaneous measurements as a quality assurance technique. Thus, the four variables we reported 
data for included date, time, concentration 1 (conc(1)), and concentration 2 (conc(2)).  
 
We gathered data for a total of 15 days from November 19, 2011 to November 12, 2011, omitting data 
collection on October 31, 2011-November 2, 2011 and November 6, 2011 through November 7, 2011 
due to Aethelometer malfunction.  Within each day, we collected black carbon concentration 
continuously at five minute intervals. For the times that the Aethelometer was functioning, we collected 
black carbon concentration data a total of 4602 times on both conc(1) and conc(2) measurements. For 
conc(1), the mean concentration was 1,000.43 ng/m3, the standard deviation was 1,229.81 ng/m3, the 
maximum concentration was 13,852 ng/m3  and the minimum concentration was -52 ng/m3 .  There 
were 170 missing values which represented 3.56% of the total observations. For conc(2), the mean 
concentration was 1,031.59 ng/m3 , the standard deviation was 1,031.59 ng/m3, the maximum 
concentration was 9,677 ng/m3 , and the minimum concentration was 82 ng/m3 . There were 170 
missing values representing 3.56% of the total observations.  
 
An examination of the scatterplot for the North America Street data indicates that there are some peak 
time ranges where black carbon concentrations are at their highest. Those ranges include 1-3am, 7-9am, 
























Figure 7: Scatterplot of Concentration 2 vs Time for North American Street 
 
 
The data were not normally distributed with many outliers so we had to use nonparametric testing like 
medians testing and Wilcoxon rank sums to analyze the data. We tested if there was a significant 
relationship between concentration and time and between concentration and date for both 
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of black carbon and time, we found that with the medians test for concentration one, at a significance 
level of 0.05 we failed to reject the null hypothesis that there was no relationship between 
concentration one and time (Chi-square: 293.74, p-value 0.38). For the Wilcoxon test for concentration 1 
we found that at a significance level of 0.05, we rejected the null hypothesis that there was no 
relationship between concentration one and time (Chi-square 331.85, p-value 0.035).  Thus, our quality 
assurance testing indicated a conflict in conclusions that there was a significant relationship between 
concentration one of black carbon and time at the North American Street site. We cannot draw a 
definite conclusion about the relationship from that data. 
 
We performed the same tests for concentration two and drew different conclusions. We performed a 
medians test at a significance level of 0.05 and found that we fail to reject the null hypothesis that there 
is not a significant relationship between concentration 2 and time (Chi-square: 238.73, p-value 0.98). For 
the Wilcoxon test for concentration two we found that at a significance level of 0.05, we failed to reject 
the hull hypothesis that there was no relationship between concentration two and time (chi-square 
272.26, p-value 0.73). Thus, our testing indicated that there was not a significant relationship between 
concentration two and time at the North American Street site. 
 
Next we averaged correlated the two concentrations to see how closely they mirrored each other. They 
were highly correlated with a Pierson Correlation Coefficient (R2) of 0.97 and a p value of <0.0001. Once 
we found that the two concentration measurements on North American Street were highly correlated, 
we determined that averaging the two concentrations and performing medians testing and Wilcoxon 
rank sums tests would be the most appropriate for gaining an accurate idea of the overall black carbon 
characteristics. A scatterplot of the average concentration of black carbon shows very similar 
characteristics to the scatterplots of both concentrations one and two (see figure8). Next, we performed 
a medians test at a significance level of 0.05 and found that we failed to reject the null hypothesis that 
there is not a significant relationship between average concentration and time (Chi-square: 264.47, p-
value: 0.83). For the Wilcoxon test for average concentration we found that at a significance level of 
0.05, we failed to reject the null hypothesis that there was no relationship between average 
concentration and time (Chi-square 300.50, p-value: 0.28). Thus, our testing indicated that there was 


















Figure 8: Scatterplot of  Average Concentration vs Time for North American Street 
 
 
For the second question, is there a significant relationship between concentration and date for both 
concentrations one and two, we found that with the medians testing for concentration one, at a 
significance level of 0.05, we rejected the null hypothesis that there is no relationship between 
concentration one and date (chi-square: 1471.93, p-value <0.0001). For the Wilcoxon test for 
concentration one we found that at a significance level of 0.05, we rejected the null hypothesis that 
there was no relationship between concentration one and date (chi-square 1745.70, p-value <0.0001). 
Thus, our testing indicated that there was a significant relationship between concentration one of black 
carbon and date at the North American Street site. (See Appendix for Scatterplot of Concentration 1 v 
Time.) 
 
We performed the same tests for concentration two and came to the same conclusions. We performed 
a medians test at a significance level of 0.05 and found that we rejected the null hypothesis that there is 
not a significant relationship between concentration 2 and date (Chi-square: 1422.95, p-value <0.0001). 
For the Wilcoxon test for concentration two we found that at a significance level of 0.05, we rejected 
the hull hypothesis that there was no relationship between concentration two and date (chi-square 
1819.26, p-value <0.0001). Thus, our testing indicated that there was a significant relationship between 
concentration two and date at the Lawrence Street site. (See Appendix for Scatterplot of Concentration 
2 v Time.) 
 
We performed the same tests for the average concentration and also came to the same conclusions. We 
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that there is not a significant relationship between average concentration and date (Chi-square: 
1444.39, p-value <0.0001). For the Wilcoxon test for average concentration we found that at a 
significance level of 0.05, we rejected the null hypothesis that there was no relationship between 
average concentration and date (Chi-square 1790.08, p-value <0.0001). Thus, our testing indicated that 
there was a significant relationship between average concentration and time at the Lawrence Street 
site. (See Appendix for Scatterplot of Average Concentration v Time.) 
 
 
Table 3: Medians Test & Wilcoxon Rank Sums Analyses for Black Carbon 
  Concentration1   Concentration2   
Average 
Concentration   
(medians) Chi Square p-value Chi Square p-value Chi Square p-value 
Lawrence 
Street        
Time 390.18 <0.0001 480.19 <0.0001 450.44 <0.0001 
Date 3986.74 0.001 3765.76 <0.001 3908.27 <0.0001 
         
American 
Street        
Time 293.74 0.38 238.73 0.98 264.47 0.83 
Date 1471.93 <0.0001 1422.95 <0.0001 1444.39 <0.0001 









Street        
Time 558.75 <0.0001 640.92 <0.0001 604.97 <0.0001 
Date 4704.86 <0.0001 4567.57 <0.0001 4672.29 <0.0001 
         
American 
Street        
Time 331.85 0.035 272.26 0.73 300.5 0.28 
Date 1745.7 <0.0001 1819.26 <0.0001 1790.08 <0.0001 
 
 
Volatile Organic Compounds 
Table 4 describes the characteristics of the VOCs detected in the grab sampling of 
outdoor environmental VOC exposure in Hunting Park. All chemicals were measured in 
ppbv. In total, we measured for 63 chemicals61; however, we only detected 13 VOCs in  
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 List of chemicals includes:Propene, Dichlorodifluoromethane, Chloromethane, Dichlorotetrafluoroethane, Vinyl 
Chloride, 1,3-Butadiene, Bromomethane, Chloroethane, Bromoethene, Trichlorofluoromethane, Acetone, 
Isopropyl Alcohol, 1,1-Dichloroethene, 1,1,2-Trichloro-1,2,2-Trifluoroethane, Allyl Chloride, Carbon Disulfide, trans-
1,2-Dichloroethene, Methyl tert-Butyl Ether, Vinyl Acetate, 1,1-Dichloroethane, 2-Butanone, Hexane, cis-1,2-
Dichloroethene, Ethyl Acetate, Chloroform, Tetrahydrofuran, 1,1,1-Trichloroethane, 1,2-Dichloroethane, Benzene, 




our sample, and those 13 chemicals are listed in Table 1. A majority of the samples 
detected Acetone (all 14 samples), Chloromethane (13 
 




(n=14)         
  Mean SD   
Frequency of 
Detection 
         
Propene 4.83 2.86  3    
Chloromethane 0.68 0.11  13    
Acetone 4.81 3.98  14    
Isopropyl Alcohol 11.7 8.45  3    
Hexane 0.6 0.1  3    
Benzene 1.13 0.61  4    
2,2,4-Trimethylpentane 1.56 1.2  2    
1,4-Dioxane 1 .  1    
Toluene 1.3 0.93  10    
Ethylbenzene 0.7 0  2    
m,p-Xylenes 1.13 0.58  7    
o-Xylene 0.65 0.21  2    
1,2,4—Trimethylbenzene 1.17 0.81   3     
 
samples), Toluene (10 samples), and m,p-Xylenes (7 samples). Of the remaining chemicals, 1,4-Dioxane 
was detected the least (by only one sample).  
Through analysis of our data set, we sought to answer these two questions: Is there a relationship 
between time of sample collection and frequency of chemical detection? Is there a relationship between 
date of sample collection and frequency of chemical detection? After running initial linear and 
subsequent logistic regression analyses on the data set, no conclusions can be drawn regarding the 
temporal relationship of these chemicals. We did not have enough samples taken at different times to 
answer the first question. Because the data were collected over only a two day span of time, we did not 
have a large enough date-span to test the second question. The data set as a whole is too small to make 
any robust conclusions. However, the frequency of detection of VOCs is helpful in understanding which 
chemicals were most prevalent in the atmosphere over the two sampling days of November 29, 2011 
and November 30, 2011. 
                                                                                                                                                                                           
Carbon Tetrachloride, Cyclohexane, 2,2,4-Trimethylpentane, Heptane, Trichloroethene, 1,2-Dichloropropane, 1,4-
Dioxane, Bromodichloromethane, cis-1,3-Dichloropropene, Toluene, 1,1,2-Trichloroethane, 2-Hexanone, 
Dibromochloromethane, Tetrachloroethene, 1,2-Dibromochloromethane, Chlorobenzene, Ethylbenzene, m,p-
Xylenes, o-Xylenes, Styrene, Bromoform, 1,1,2,2-Tetrachloroethane, 4-Ethytoluene, 1,3,5-Trimethylbenzene,  
1,2,4-Trimethylbenzene, 1,3-Dichlorobenzene, Benzyl Chloride, 1,4-Dichlorobenzene, 1,2-Dichlorobenzene, 1,2,4-
Trichlorobenzene, Hexachlorobutadine. 





VOCs: Chemical characteristics 
Below are some characteristics of the four most-detected chemicals.  
Acetone: In our sample Acetone was most frequently detected, with all fourteen samples detecting this 
VOC. The highest detected level of acetone was 15 ppbv, and the lowest detected level was 2.1 ppbv 
with a mean of mean of 4.8 pbpv and a standard deviation of 3.9862.   
 Chloromethane: This chemical was the second-most frequently detected VOC with thirteen of the 
fourteen samples detecting it. The highest level recorded was 0.80 ppbv, and the lowest recorded level 
was 0.50 ppbv with a mean of 0.68 ppb and a standard deviation of 0.11. 
Toluene: Toluene was the third-most frequently detected VOC with ten of the fourteen samples 
detecting it. The highest level detected was 3.40 ppbv and the lowest level detected was 0.5 ppbv with a 
mean of 1.3 ppbv and a standard deviation of 0.93. 
m,p-Xylenes: m,p-Xylenes were detected in half of the samples. The highest level recorded was 2.20 





The sample size for the Lawrence Street site was much larger than the sample size for the North 
American Street site. Thus, the analyses for the Lawrence Street data were more robust and often led to 
conclusions that supported a significant relationship between black carbon concentration and time and 
black carbon concentration and date. The North American Street site had a smaller data set which led to 
less robust analyses and conflicting conclusions about the relationships between black carbon and 
time/date. Additionally, none of the mean concentrations we detected for black carbon are considered 
to be harmful to human health; however, some peak concentrations measured above the usual 
background levels of BC and exposure may result in adverse health effects . Vulnerable populations may 
be at increased risk for irritation from black carbon exposure. 
 
Given that the data set for VOC analysis was so small, it was very difficult to draw any sort of conclusion 
about temporal relationships and the presence of those detected chemicals. However, the most useful 
information to come from our grab sampling of VOCs was the frequency of detection of certain 
chemicals. Acetone, chloromethane, toluene, and m,p-xylenes were detected the most frequently of all 
the chemicals. The presence of those chemicals gives us insights as to which industries are contributing 
the most to the VOC content in the air. Such information could be useful in more direct targeting of 
industries who could reduce their emissions. Once again, the levels of VOCs detected were not high 
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  ToxTown: Acetone.  




enough to be associated with harm to human health. They are more associated with irritation perhaps 




As stated in the Background information, 2 µg/m3 is the common background level of black carbon in US 
urban areas, and in Chinese urban areas the background level is between 6-11 µg/m3. After converting 
our black carbon measurement from ng/m3 to µg/m3 we found that our mean measurements fell far 
below the background levels in both the United States and in China (see table 4). However, there are 
times when the BC levels measured more than 5 times higher than the US urban background level—
levels that were even higher than the background levels in China (see Fig. .As shown in the scatterplots, 
while most of the measurements fall below the 2 µg/m3 US urban background level, many of the 
measurements fall above that level. On days and times when the BC levels fall above the typical 
background level, the residents of Hunting Park may experience respiratory irritation (e.g., asthma 
attacks) or cardiovascular effects (e.g. high blood pressure and increased heart rate). It may be 
necessary for the residents to modify their activities that expose them to black carbon during those 
times of heightened BC levels. 
 
Table 5: Descriptive Statistics for Average Black Carbon Concentration 
(units: µg/m3) Maximum Minimum Mean Std. Dev Avg. in US Cities 
Lawrence Street       
Average 
Concentration 18.46 -3.0663 1.16 1.23 
2.0 
        
North American Street       
Average 
Concentration 11.77 0.04 1.02 1.18 
 
 
Perhaps the most useful information to come from the black carbon data sets are the hours associated 
with the peak black carbon concentration. The peak hours are from 4-6am and around 10pm for 
Lawrence Street and. For the North American Street site, the peak hours of high concentration are 
between 1-3am, 7-9am, and around midnight. If people exposed to black carbon around those times 
have an acute sensitivity to it, they may try to avoid being outdoors during those peak hours. Upon 
further investigation perhaps in another study, one could study the traffic flows on the streets of 
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 Negative concentrations occur when black carbon levels are very low and “instrumental noise can lead to 
computed values of BC that are slightly negative” (QAPP, p.10). 




VOCs (Acetone, Chloromethane, Toluene) 
As stated in the background information, there are many different stated thresholds for VOC exposures 
that are harmful to human health. Those thresholds differ according to VOC , the agency that issues the 
threshold, and the time frame of exposure. For Acetone, thresholds have been listed at 1,000ppm, 
500ppm, and 250ppm. For chloromethane thresholds have been listed at 50ppm with a typical 
background level of 0.005ppm64. And for Toluene threshold levels have been listed from 100-200ppm 
and 500ppm as being very harmful to human health.. After converting our VOC measurements from ppb 
to ppm we found that our mean measurements of our three most frequently detected VOCs (Acetone, 




Table 6: Descriptive Statistics for Most Frequently Detected VOCs 
 
(units: ppm) Maximum Minimum Mean Std Dev. Threshold  
Acetone 0.0048 0.0021 0.0048 0.0040 250-1,000 
Chloromethane 0.0007 0.0005 0.0007 0.0001 50 
Toluene 0.0013 0.0005 0.0013 0.0009 100-500 
 
 
Given that the levels we measured are so much lower than the threshold levels where health effects are 
expected to manifest, we can conclude that on the dates and times that the VOC sampling was 
conducted, the residents of Hunting Park were not subject to adverse health effects from VOC exposure. 
However, it is worth thinking about prolonged exposure to small levels of VOCs and how that may affect 
the long term health of the residents. Ultimately, it appears that on November 29-30, 2011, the levels of 




There were a number of limitations that restricted our ability to analyze our data. Regarding our 
collection of black carbon data, the lack of specific addresses for the Aethelometer locations limited our 
ability to do spatial analyses on the data. Additionally, the equipment malfunction of the Aethelometers 
decreased the size of our data set as the machines could not record information while they were 
malfunctioning. Ideally, we would have collected black carbon over a period of time that included 
different seasons, as things like changes in temperature, humidity, wind speed, sunlight all affect black 
carbon concentrations; however, financial limitations and leasing contracts limited our ability to collect 
data for longer periods of time. Regarding our collection of VOC data our small sample size was a large 
limitation in our ability to draw conclusions about the VOC content of Hunting Park’s air. A larger sample 
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size was needed to have robust measurement and conclusions; however our finances restricted the 
number of Bottle-Vacs that we could order. Ideally, we would have had more specific information about 
the Bottle-Vacs like the exact location of the Bottle-Vacs at the time of sampling and the weather 
conditions. That information would have allowed us to compare the locations of the samples to the 
concentration of VOCs in that sample, and we could relate that to the industrial or commercial sources 
closest to that sample and perhaps have drawn some conclusions. Additionally, we would have liked to 
collect VOC data during different seasons as the concentration of VOCs vary according to temperature, 
humidity, wind speed, etc. Finally, incorporating resident participation into the data collection is 
important, but it does reduce the accuracy of our measurements and reduces our ability to collect data 
in more complex ways or with instruments that are very expensive as the risk of accidents is higher 
when trained professionals are not collecting the data. While resident participation is a limitation in 
terms of data collection, it is an asset when doing community-based participatory research and 
environmental justice work. The residents know best the characteristics of their neighborhood, and they 




As part of environmental justice, we must keep the community informed of the findings of our air 
quality analyses. Thus, we have created two community documents that explain the results. The first 
document describes the VOC results, compares them to current proposed levels for maximum exposure 
and reports some of the health effects from VOC exposure. The second document describes the black 
carbon results, compares them to the US urban background levels of black carbon, and reports some of 
the health effects from black carbon exposure. It also points out the peak hours of black carbon 
exposure during the periods of measurement. The community documents are supposed to be easy to 
understand for community members. Ideally, they would be translated into Spanish as well to suit the 
needs of the Hunting Park residents (see Community Documents in Appendix). 
 
The generation and dissemination of this document facilitates the recognition and procedural justice 
facets of environmental justice for Hunting Park. The residential participation in the conception, 
implementation, and follow-up actions allows them to have a meaningful influence on the process and 
outcome of their air quality study65. In her study of community-based participatory research’s impact on 
health disparities, Meredith Minkler notes that such a model (Community-Based Participatory Research) 
allows for “equitable engagement to all partners throughout the research process, from problem 
definition through data collection and analysis to the dissemination and use of findings to help affect 
change.”66 However, the model itself does not assure success of the partnership between community 
and research/technical partners. Success is also dependent on a strong community base, community 
leadership, strong technical assistance, and effective advocacy—all of which build community capacity 
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for change.67 In the case of Hunting Park, the strong leadership with the Hunting Park Stakeholders 
Group, the matriarch and patriarch of the neighborhood, combined with the technical assistance of 
attorneys and EPA staff enhanced the relationship between Hunting Park and the Public Interest Law 
Center of Philadelphia which allowed for a successful partnership.  
 
Conclusion 
Of our four objectives, we were able to meet them. We tested the air quality for VOCs and black carbon; 
we determined the contents of Hunting Park’s air to a certain extent. We were able to determine the 
types of VOCs and the approximate percentages of the samples they represented. As for the black 
carbon, we were able to determine the concentration of black carbon at the time of measurement, but 
we did not measure for other pollutants in the particulate matter.  We promoted resident participation 
that resulted in the residents learning about their neighborhood’s air quality.  They took air samples for 
VOCs and the residents housed the black carbon monitors in their homes and churches. Finally, we 
created two community documents explaining the results of our study to the Hunting Park residents. 
Thus, we were successful in meeting our objectives. 
 
It is important to remember that the purpose of this exploratory analysis was not to fulfill objectives but 
to provide an environmental justice service to the neighborhood of Hunting Park. Scientific 
measurement and accuracy were a part of that service, but so too was community participation and 
dissemination of results. Leadership and trust were central to a successful collaboration. Community 
leadership was important in maintaining the momentum of the project. For example, community 
leaders from the Hunting Park Stakeholders Group assured that there were enough residents available 
to participate in the air sampling. Those same leaders were also integral in the dissemination of 
information regarding equipment training session, and they notified the environmental justice attorney 
from Pilcop when there were equipment malfunctions. Furthermore, the trust that was built between 
the environmental justice attorney at Pilcop and the community members of Hunting Park and between 
the attorney and EPA Region III allowed us to maintain open lines of communication with all parties 
involved. That partnership between the attorney and all the parties involved in the project was essential 
to moving the project forward.  
 
While our findings conclude that residents are not at risk of harmful health effects from their exposure 
to black carbon and VOCs, they do illuminate the exposure picture a bit more for the residents.  That 
extra knowledge of the exposure picture can spur residents to take action to reduce emissions or can 
spur them to make changes in their daily lives to reduce exposures to such emissions. These analyses 
are beneficial to the scientific and environmental justice communities alike. The Hunting Park Air Quality 
Study allowed Hunting Park residents to learn more about the intangible elements of their community—
the parts in which they seemingly had no control. However, this study allowed them to take control of 
those elements through knowledge and participation, of the activities in their neighborhood. In the 
future they will be able to turn that knowledge into power and influence decision-makers. 
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Figure A11: Community members took 14 air samples for Volatile Organic 
Compounds (VOCs). 
 
This is what we found:                                          Percentage of Chemicals in the Samples: 
 
The 3 chemicals we found the most: 
 
Acetone: in all 14 samples 
Chloromethane: in 13 samples 
Toluene: in 10 samples 
 
We found very small amounts of each 
of these chemicals—well below the 
















































If the levels of VOCs 
were high enough to 
cause health effects, 






At very high VOC levels: 
-kidney damage 
-death 





Figure A12: Community members allowed for Black Carbon monitors in their homes 
and churches. 
This is what we found: 
Lawrence Street: 
 Highest level measured: 18.46 µg/m3 
 Average level measured: 1.16 µg/m3 
 
North American Street: 
 Highest level measured: 11.77 µg/m3 
 Average level measured: 1.02 µg/m3 
 
The usual levels of Black Carbon found in American cities: 2 µg/m3 
Most of the time the levels in Hunting Park are below the usual levels found in American cities. BUT there 
are times when the Black Carbon levels are higher than normal (see red circles on graphs). 
Early in the morning and late at night Black Carbon levels are highest. Avoid high levels of physical 
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Health Effects 
If you are sensitive to Black Carbon, you may notice: 
-Respiratory irritation 
-Asthma attacks 
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